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(57) ABSTRACT 

A system, method, and computer program product for pro 
Visioning software on at least one node in a plurality of 
computational nodes in a distributed information processing 
system are disclosed. The method includes accepting a 
plurality of requirements associated With a software product. 
The plurality of requirements is expanded into multiple sets 
of installation requirements. At least one set of installation 
requirements in the multiple sets of installation requirements 
is minimized to produce at least one minimized set of 
installation requirements. At least one installation topology 
is determined using Rough Set Theory for the softWare 
product based on the at least one minimized set of installa 
tion requirements. The at least one installation topology is 
compared to a set of capabilities included on at least one 
computational node to determine a respective set of missing 
resources for the at least one computational node. 
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SYSTEM AND METHOD FOR DEPLOYING 
SOFTWARE BASED ON MATCHING 

PROVISIONING REQUIREMENTS AND 
CAPABILITIES 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to the ?eld 
of software deployment, and more particularly relates to 
deploying software based on matching requirements of 
software products with capabilities on available processing 
systems. 

BACKGROUND OF THE INVENTION 

[0002] As the siZe and complexity of software systems 
increases, the reuse of independent pieces of software, 
combined in different ways to implement complex software 
systems, has become a widely accepted practice. Software 
entities are more complex for their siZe than perhaps any 
other human construct because no two parts are alike (at 
least above the statement level). If two parts of a software 
entity are alike, they are generally labeled as components 
and are reused. In this respect, software systems where 
repeated elements abound, dilfer profoundly from comput 
ers, buildings, or automobiles. A scaling-up of a software 
entity, through the addition of a new functionality (or the 
installation of a new application) is not merely a repetition 
of the same elements in larger siZes; it is necessarily an 
increase in the number of different components, inter-de 
pendencies and interactions. 

[0003] Current software deployment utilities sulfer from 
the classic problems of deploying software products. For 
example, software deployment across a distributed system 
many times results in a large number of installation options. 
These installation options can include alternative operating 
systems, resources, components, and contradicting require 
ments. Current installation tools require prede?ned deploy 
ment topologies and prede?ned computing systems (eg 
machines). These problems derive from the essential com 
plexity of the software requirements and dependencies and 
their nonlinear inter-relationships. While dependencies have 
been adding to disorder in the software installation for a long 
time, the level of support requirements complexity is 
increased exponentially and it is calling for additional levels 
of expert knowledge. 

[0004] Currently, various package managing utilities are 
available that help to keep track various packages installed 
on different systems. For example, Debian has a low level 
package managing utility that can list all packages on the 
Linux system with such information as current status of the 
package, the errors (if any), short description of uses and 
more. *BSD Ports systems have built-in support for han 
dling varying dependencies while managing the compilation 
and installation of third-party software that has been ported 
to BSD. Utilities such as Solution Install and TPM (IBM 
Tivoli products) also have con?guration knowledge for each 
system on the network. However, even with these packaging 
managing utilities, software deployment systems still sulfer 
from the problems discussed above. 

[0005] Furthermore, administrators are usually given two 
choices for provisioning systems. The ?rst is “granular” 
provisioning, whereby a system administrator manually 
installs each required application onto individual computers. 
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This strategy is obviously inefficient. The second provision 
ing model is the “role-based” or “image-based” model, used 
for example, in IBM’s Tivoli Provisioning Manager (TPM). 
This solution entails de?ning complete software stacks to 
install on various machines, each of which is assigned one 
or more roles. This automation saves administrator time and 
works well for existing computing grid users who tend to 
have prede?ned software stacks. However, image-based 
provisioning models do not work well for machines that 
utiliZe constantly changing applications (such as new revi 
sions or applications with new software). The image-based 
provisioning models lose the ?ne-grained control inherent in 
the granular-provisioning model and therefore, do not work 
well when applied to the-problem of scheduling across 
networks of heterogeneous nodes. 

[0006] Therefore a need exists to overcome the problems 
with the prior art as discussed above. 

SUMMARY OF THE INVENTION 

[0007] Brie?y, in accordance with the present invention, 
disclosed are a system, method, and computer program 
product for provisioning software on at least one node in a 
plurality of computational nodes in a distributed information 
processing system are disclosed. The method includes 
accepting a plurality of requirements associated with a 
software product. The plurality of requirements is expanded 
into multiple sets of installation requirements. At least one 
set of installation requirements in the multiple sets of 
installation requirements is minimiZed to produce at least 
one minimized set of installation requirements. The at least 
one installation topology includes one set of installation 
requirements within the multiple set of installation require 
ments. At least one installation topology is determined for 
the software product based on the at least one minimized set 
of installation requirements. The at least one installation 
topology is compared to a set of capabilities included on at 
least one computational node to determine a respective set of 
lacking resources for the at least one computational node. 

[0008] In another embodiment of the present invention, a 
system for provisioning software on at least one node in a 
plurality of computational nodes in a distributed information 
processing system is disclosed. The system includes a plu 
rality of computational nodes. Each of the computational are 
communicatively coupled together. The system also 
includes a software server. The software server being com 
municatively coupled to the plurality of computational 
nodes and including at least one software product. The 
software server further comprises a requirement analyZer for 
accepting a plurality of requirements associated with the at 
least one software product. The requirement analyZer 
expands the plurality of requirements into multiple sets of 
installation requirements and minimiZes at least one set of 
installation requirements in the multiple sets of installation 
requirements. 

[0009] The software server also includes an installation 
topology generator for determining at least one installation 
topology for the at least one software product based on the 
at least one minimiZed set of installation requirements. The 
at least one installation topology includes one set of instal 
lation requirements within the multiple set of installation 
requirements. Acapability comparator is also included in the 
software server for comparing the at least one installation 
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topology to a set of capabilities included on at least one of 
the plurality of computational nodes to determine a respec 
tive set of lacking resources for the at least one computa 
tional node. The softWare server further includes a resource 
installer for installing each resource in the respective set of 
lacking resources on the at least one computational node. 

[0010] In yet a further embodiment of the present inven 
tion a computer program product for provisioning software 
on at least one node in a plurality of computational nodes in 
a distributed information processing system is disclosed. 
The computer program product includes instructions for 
accepting a plurality of requirements associated With a 
softWare product. The plurality of requirements is expanded 
into multiple sets of installation requirements. At least one 
set of installation requirements in the multiple sets of 
installation requirements is minimiZed. The at least one 
installation topology includes one set of installation require 
ments Within the multiple set of installation requirements. At 
least one installation topology is determined for the softWare 
product based on the at least one minimiZed set of installa 
tion requirements. The at least one installation topology is 
compared to a set of capabilities included on at least one 
computational node to determine a respective set of lacking 
resources for the at least one computational node. Each 
resource in the respective set of lacking resources is installed 
on the at least one computational node. 

[0011] An advantage of the foregoing embodiment is that 
complex deployment decisions on provisioning complex 
softWare Within large distributed environment compatible 
inputs and outputs are ef?ciently and accurately created and 
processed. Another advantage is that softWare requirements 
are matched to system capabilities for provisioning tasks 
Within a pool of targets in such a Way that a speci?ed cost 
objective is met. The present invention alloWs for a con 
?guration topology for the application to be determined 
based on the capacity of the systems that are available for the 
particular softWare product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying ?gures Where like reference 
numerals refer to identical or functionally similar elements 
throughout the separate vieWs, and Which together With the 
detailed description beloW are incorporated in and form part 
of the speci?cation, serve to further illustrate various 
embodiments and to explain various principles and advan 
tages all in accordance With the present invention. 

[0013] FIG. 1 is block diagram illustrating an exemplary 
softWare deployment system according to an embodiment of 
the present invention; 

[0014] FIG. 2 is a block diagram illustrating an exemplary 
information processing system according to an embodiment 
of the present invention; 

[0015] FIG. 3 is an exemplary abbreviated list of require 
ments for a softWare product to be deployed according to an 
embodiment of the present invention; 

[0016] FIG. 4 is an exemplary decision table illustrating 
generic high level requirements of the softWare product to be 
deployed according to an embodiment of the present inven 
tion; 
[0017] FIGS. 5-8 are exemplary decision tables illustrat 
ing speci?c requirements of the generic requirements in 
FIG. 4 according to an embodiment of the present invention; 
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[0018] FIG. 9 is an exemplary decision table illustrating 
the requirements of a speci?c instance of the generic 
requirement in FIG. 6 according to an embodiment of the 
present invention; 

[0019] FIG. 10 is a re?ned exemplary decision table 
created from the tables in FIG. 4 and FIG. 5 according to an 
embodiment of the present invention; 

[0020] FIG. 11 is another re?ned exemplary decision table 
created from the tables in FIG. 6 and FIG. 10 according to 
an embodiment of the present invention; 

[0021] FIG. 12 is an uni?ed decision table for a softWare 
product according to an embodiment of the present inven 
tion; 
[0022] FIG. 13 is another re?ned exemplary decision table 
including con?icting and redundant requirements according 
to an embodiment of the present invention; 

[0023] FIG. 14 is an organiZed representation of a set of 
capabilities available on a candidate information processing 
system and installation topologies created from the re?ne 
ment process of the decision tables in FIGS. 4-13 according 
to an embodiment of the present invention; 

[0024] FIG. 15 is an operational ?oW diagram illustrating 
an overall process of the present invention; 

[0025] FIG. 16 is an operational ?oW diagram illustrating 
an exemplary process of eliminating con?icting and redun 
dant requirements according to an embodiment of the 
present invention; 

[0026] FIG. 17 is an operational ?oW diagram illustrating 
an exemplary process of ?nding a set of compliments to 
admissible installation topology; 

[0027] FIGS. 18a and 18b is an operational ?oW diagram 
illustrating an exemplary process of determining an optimal 
information processing node to install a softWare product on 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0028] As required, detailed embodiments of the present 
invention are disclosed herein; hoWever, it is to be under 
stood that the disclosed embodiments are merely exemplary 
of the invention, Which can be embodied in various forms. 
Therefore, speci?c structural and functional details dis 
closed herein are not to be interpreted as limiting, but merely 
as a basis for the claims and as a representative basis for 
teaching one skilled in the art to variously employ the 
present invention in virtually any appropriately detailed 
structure. Further, the terms and phrases used herein are not 
intended to be limiting; but rather, to provide an understand 
able description of the invention. 

[0029] The terms “a” or “an”, as used herein, are de?ned 
as one or more than one. The term plurality, as used herein, 
is de?ned as tWo or more than tWo. The term another, as used 
herein, is de?ned as at least a second or more. The terms 
including and/or having, as used herein, are de?ned as 
comprising (i.e., open language). The term coupled, as used 
herein, is de?ned as connected, although not necessarily 
directly, and not necessarily mechanically. The terms pro 
gram, softWare application, and the like as used herein, are 
de?ned as a sequence of instructions designed for execution 
on a computer system. A program, computer program, or 
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software application may include a subroutine, a function, a 
procedure, an object method, an object implementation, an 
executable application, an applet, a servlet, a source code, an 
object code, a shared library/dynamic load library and/or 
other sequence of instructions designed for execution on a 
computer system. 

[0030] The present invention, according to an embodi 
ment, overcomes problems with the prior art by automating 
or at least aiding in the complex deployment decisions on 
provisioning complex software within large distributed 
environment compatible inputs and outputs. Another advan 
tage is that software requirements are matched to system 
capabilities for provisioning tasks within a pool of targets in 
such a way that a speci?ed cost objective is met. The present 
invention allows for a con?guration topology for the appli 
cation to be determined based on the capacity of the systems 
that are available for the particular software product. 

[0031] Exemplary Network 

[0032] According to an embodiment of the present inven 
tion, as shown in FIG. 1, an exemplary distributed data 
processing system 100 is illustrated. A distributed data 
processing system is a network of computers in which the 
present invention may be implemented. The distributed data 
processing system 100 includes a software deployment 
system 102, information processing nodes 104, 106, 108, 
and a network 110. The network 110 is the medium used to 
provide communications links between the information pro 
cessing nodes 104, 106, 108 that are connected together 
within the distributed data processing system 100. The 
network 110 may include wired or wireless connections. A 
few exemplary wired connections are cable, phone line, and 
?ber optic. Exemplary wireless connections include radio 
frequency (RF) and infrared radiation (IR), transmission. 
Many other wired and wireless connections are known in the 
art and can be used with the present invention. 

[0033] In one embodiment of the present invention, the 
distributed data processing system 100 is connected to other 
distributed data processing systems through a wide area 
network (not shown). The wide area network (not shown) 
typically includes various network devices such as gate 
ways, routers, hub, and one or more local area networks 
(LANs) that are interconnected with various media possibly 
including copper wire, coaxial cables, ?ber optic cables, and 
wireless media. The wide area network (not shown) may 
represent or include portions of the intemet. As is known in 
the art, the Internet includes a backbone of high-speed data 
communication lines between major nodes or host comput 
ers, consisting of thousands of commercial, government, 
educational and other computer systems that route data and 
messages. In another embodiment of the present invention, 
the distributed data processing system 100 is implemented 
as one or more types of networks, such as for example, an 
intranet, a local area network (LAN), or a wide area network 

(WAN). 
[0034] The software deployment information system 102 
includes a software product 112 that is to be deployed on one 
or more of the information processing nodes 104, 106, 108. 
The software deployment system 102 will be discussed in 
greater detail below. In distributed computing systems, 
multiple server and client devices can be used and the 
present invention is not limited to any particular number of 
devices. The information processing nodes 104, 106, 108 
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may be, for example, personal computers or network com 
puters. A network computer is any computer, coupled to a 
network, which receives a program or other application from 
another computer coupled to the network either permanently 
or temporarily. In some embodiments, various information 
processing nodes are able to be part of a processing cluster. 

[0035] In the system shown in FIG. 1, the information 
processing nodes 104, 106, 108 are clients to the software 
deployment information processing system 102. In other 
embodiments, one or more of the information processing 
nodes 104, 106, 108 can be clients to other servers connected 
to the network 110. The software deployment information 
system 102 is able to communicate with the information 
processing nodes 104, 106, 108 to provide data, such as 
operating system images, and applications to the informa 
tion processing nodes 104, 106, 108 and to measure and 
capture device metrics of the information processing nodes 
104, 106, 108. 

[0036] The software product 112 has various support 
requirements such as required hardware, software, operating 
system, and the like. These requirements may, in turn, have 
their own support requirements. For example, the software 
product 112 may require the availability of a speci?c data 
base, which itself requires a particular operating system. The 
support requirements of the software product 112 can be 
located on either a single information processing node or on 
multiple information processing nodes. For example, in one 
embodiment, the software product 112 requires a database 
server 114, an application server 116, 118, and a directory 
server 120. The Information processing node A 104 includes 
the database server 114 and an application server 116. The 
information processing node B 106 includes another appli 
cation server 118 and the information processing node C 108 
includes the directory server 120. 

[0037] The present invention can be used with heteroge 
neous or homogeneous systems. The term “heterogeneous” 
is commonly used to describe an environment in which the 
individual devices can have different hardware, application 
stacks, operating systems, and/or other different compo 
nents. Conversely, the term “homogenous” is used to 
describe an environment in which the individual devices 
have similar hardware, application stacks, operating sys 
tems, and/or other components. 

[0038] Exemplary Software Deployment Information Pro 
cessing System 

[0039] FIG. 2 is a block diagram illustrating a more 
detailed view of the deployment system 102 according to an 
embodiment of the present invention. The deployment sys 
tem 102 is based upon a suitably con?gured processing 
system adapted to implement the exemplary embodiment of 
the present invention. Any suitably con?gured processing 
system is similarly able to be used as the deployment system 
102 by embodiments of the present invention, for example, 
a personal computer, workstation, or the like. The deploy 
ment system 102 includes a computer 202. The computer 
202 has a processor 204 that is connected to a main memory 
206, mass storage interface 208, terminal interface 210, and 
network adapter hardware 212. A system bus 214 intercon 
nects these system components. The mass storage interface 
208 is used to connect mass storage devices, such as data 
storage device 216, to the deployment system 102 informa 
tion processing system. One speci?c type of data storage 
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device is a computer readable medium such as a ?oppy disk 
drive, which may be used to store data to and read data from 
a ?oppy diskette 218 or CD (not shown). Another type of 
data storage device is a data storage device con?gured to 
support, for example, NTFS type ?le system operations. 

[0040] The main memory 206 comprises the requirement 
analyZer 224. The requirement analyZer 224 analyZes the 
software product requirements 220, which also reside in the 
main memory 206. In this example, the software product 
requirements 220 are shown as residing in the main memory 
206. In another embodiment, the software product require 
ments 220 reside in a database within the deployment 
system 102 or on a remote computer. In one embodiment, 
the requirements 220 are manually de?ned. In the exemplary 
embodiment, the requirement analyZer 224 creates decision 
tables 226, which are stored in the main memory 206. In 
another embodiment, the decision tables 226 are stored in a 
database residing in the deployment system 102 or on a 
remote server. Decision tables 226 allow the deployment 
system 102 to organiZe and sort through the complex 
requirement structures of the software product 112. The 
decision tables 226 will be discussed in greater detail below. 

[0041] The requirement analyZer 224 also includes a 
redundancy checker 228 and a con?ict checker 230. The 
redundancy checker 228 and the con?ict checker allow for 
the requirement analyZer 224 to generate minimal non 
con?icting sets of requirements. The redundancy checker 
228 sorts through all of the required components and 
resources of the software product 112 and ?lters out any 
redundant requirements. This allows for a more e?icient and 
accurate processing of requirements. The process for remov 
ing redundancies is described in greater detail below. The 
con?ict checker 230 ensures that a set of requirements 
grouped together by the requirement analyZer 224 does not 
contain con?icting requirements. For example, if a set of 
requirements being considered includes two con?icting 
database servers, the con?ict checker 230 identi?es this set 
and excludes the set from consideration when installation 
topologies are being generated. The process for identifying 
and excluding con?icting sets will be discussed in greater 
detail below. 

[0042] The main memory 206 also includes an installation 
topology generator 232. The installation topology generator 
232 creates sets of installation topologies that are used by the 
capability comparator 234, described below, to identify an 
optimal information processing node on which to install the 
software product 112. Each installation topology is a unique 
set of support component requirements for the software 
product 112 that are divided among the available nodes, as 
determined from the minimal non-redundant sets of require 
ments. The process for determining the installation topolo 
gies will be described in greater detail below. The capability 
comparator 234 takes the capabilities of each information 
processing node 104, 106, 108 and compares them to the 
requirements for individual nodes in each of the installation 
topologies 232. Support requirements that are not available 
on the information processing nodes 104, 106,108 are then 
identi?ed. In one embodiment, the capabilities and the 
requirements missing from each information processing 
node 104, 106, 108 are recorded in the main memory 206 or 
a database residing in the deployment system 102 or a 
remote computer. An installation con?guration can be deter 
mined based on the capabilities and requirements needed to 
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be installed on the information processing nodes 104, 106, 
108 in light of the components already installed. The instal 
lation con?guration is considered in determining an optimal 
node to install the software product 112 on. Once an optimal 
node or nodes is determined, the missing resource(s) is 
installed on the optimal node or nodes. The process for 
comparing the installation topologies with the capabilities of 
an information processing node 104, 106, 108 will be 
discussed in greater detail below. 

[0043] Although illustrated as concurrently resident in the 
main memory 206, it is clear that respective components of 
the main memory 206 are not required to be completely 
resident in the main memory 206 at all times or even at the 
same time. In one embodiment, the deployment system 102 
utiliZes conventional virtual addressing mechanisms to 
allow programs to behave as if they have access to a large, 
single storage entity, referred to herein as a computer system 
memory, instead of access to multiple, smaller storage 
entities such as the main memory 206 and data storage 
device 216. Note that the term “computer system memory” 
is used herein to generically refer to the entire virtual 
memory of the deployment system 102. 

[0044] Although only one CPU 204 is illustrated for 
computer 202, computer systems with multiple CPUs can be 
used equally e?fectively. Embodiments of the present inven 
tion further incorporate interfaces that each includes sepa 
rate, fully programmed microprocessors that are used to 
o?f-load processing from the CPU 204. Terminal interface 
210 is used to directly connect one or more terminals 222 to 
computer 202 to provide a user interface to the computer 
202. These terminals 222, which are able to be non-intelli 
gent or fully programmable workstations, are used to allow 
system administrators and users to communicate with the 
deployment system 102. The terminal 222 is also able to 
consist of user interface and peripheral devices that are 
connected to computer 202 and controlled by terminal 
interface hardware included in the terminal UP 210 that 
includes video adapters and interfaces for keyboards, point 
ing devices, and the like. 

[0045] An operating system (not shown) included in the 
main memory is a suitable multitasking operating system 
such as the Linux, UNIX, Windows XP, and Windows 
Server 2003 operating system. Embodiments of the present 
invention are able to use any other suitable operating system. 
Some embodiments of the present invention utiliZe archi 
tectures, such as an object oriented framework mechanism, 
that allows instructions of the components of operating 
system (not shown) to be executed on any processor located 
within the deployment system 102. The network adapter 
hardware 212 is used to provide an interface to the network 
110. Embodiments of the present invention are able to be 
adapted to work with any data communications connections 
including present day analog and/or digital techniques or via 
a future networking mechanism. 

[0046] Although the exemplary embodiments of the 
present invention are described in the context of a fully 
functional computer system, those skilled in the art will 
appreciate that embodiments are capable of being distributed 
as a program product via ?oppy disk, e.g. ?oppy disk 218, 
CD ROM, or other form of recordable media, or via any type 
of electronic transmission mechanism. 
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[0047] Exemplary Abbreviated Listing of Software Prod 
uct Requirements 

[0048] FIG. 3 illustrates an exemplary abbreviated listing 
of requirements 300 of the software product 112. For illus 
trative purposes only, the software product 112, in one 
embodiment, is the IBM Tivoli Installation Orchestrator. 
The requirement list 300 shows the requirements in a 
hierarchical fashion. High level generic requirements 302, 
304 such as operating system and software are listed. 
Although only operating system and software requirements 
are listed, other requirements such as hardware require 
ments, e.g. disk space, RAM, processor, and the like can also 
be included. The listing 300 is only an abbreviated listing of 
requirements. 

[0049] Each high level generic requirement 302, 304 
includes subsequent or lower levels of requirements. For 
example, under the operating system requirement 302, a list 
of operating systems and versions that are compatible with 
the Tivoli Installation Orchestrator is shown. The software 
requirement 304 includes subsequent generic requirements 
for directory server 306, application server 308, database 
server 310, UNIX emulation layer (Cygwin) 312. Each 
generic software requirement 306, 308, 310, 312 includes 
speci?c software components that satisfy the generic soft 
ware requirements. For example, the Tivoli Installation 
Orchestrator requires that the directory server 306 be either 
IBM Tivoli Directory Server Version 5.2 314 or Microsoft 
Active Directory 316. 

[0050] Each lower level requirement such as IBM Tivoli 
Directory Server Version 5.2 is able to include its own 
requirements such as operating system 318, database 320, 
and is further able to include optional requirements 322. 
Redundant requirements and con?icting requirements can 
exist within the requirements of the software product 112. 
For example, two different operating systems that con?ict 
with each other or two different database servers that con?ict 
with each other can exist at different levels within the 
requirements hierarchy of the software product. 

[0051] Exemplary Decision Tables 

[0052] FIGS. 4-13 show exemplary decisions tables based 
on the requirements list 300 of FIG. 3. Decision tables 
support the interpretation, modeling and implementation of 
the process of determining a set of minimal non-redundant 
requirements; de?ning an application installation topology; 
eliminating redundant and con?icting requirements; deter 
mining ordered lists of missing requirements on each level; 
identifying the optimal information processing node out of 
a pool of existing nodes for application installation; and 
determining a minimal number of required nodes in the 
installation topology. In one embodiment of the present 
invention, Rough Set Theory is used to create the decision 
tables for automating and/or aiding decisions on provision 
ing complex software within a distributed environment. 

[0053] Rough Set Theory is useful for information 
retrieval, decision support, machine learning, and knowl 
edge based systems. Data analysis based on Rough Set 
Theory starts from a data table/decision table, which is 
called an information system. The information system 
includes data objects of interest characterized in terms of 
some attributes. When in the information system the deci 
sion attributes and conditions attributes are clearly de?ned it 
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is called a decision table. The decision table describes 
decisions in terms of conditions that must be satis?ed in 
order to carry out the decision speci?ed in the decision table. 
With every decision table a decision algorithm can be 
associated, which is a set of ‘if. . . then . . . ’ decision rules. 

The decision rules can be viewed as logical a description of 
the basic properties of the data. The decision algorithm can 
be simpli?ed, leading to optimal data description. 

[0054] The exemplary software product 112 Tivoli Intel 
ligent Orchestrator can be deployed on various topologies 
such as a one-node topology, a two-node remote directory 
server, a two-node remote directory and database server, a 
two-node remote database server, a three-node topology 
such as is illustrated in FIG. 1, and the like. An exemplary 
embodiment of the present invention considers a one-node 
topology for deploying the software product 112. However, 
the present invention is not limited to automating or aiding 
in deployment decisions for a single node, the present 
invention is also directed towards deploying software prod 
ucts on multiple node topologies. 

[0055] As can be seen from FIG. 3, DB2 Universal 
Database Enterprise Edition 8.2 can be installed on different 
types of hardware and multiple Operating Systems (such as 
AIX, HP-UX, Linux, etc). Even though a one-node instal 
lation topology has been chosen for this exemplary embodi 
ment and the set of requirements have been reduced, the 
number of con?icting requirements increased. To resolve the 
con?icting requirements means to ?nd atomic requirements 
within the hierarchy that are in con?ict with one another or 
to ?nd applications with con?icting requirements. Another 
activity that goes hand-in-hand with con?ict resolution is 
illuminating redundant or irrelevant requirements. These 
types of requirements adds unnecessary complexity and 
additional dimensions to the expanded set of requirements, 
as described below, and therefore reduce comprehensibility 
and processing speed. 

[0056] Decision tables are very useful for eliminating 
redundant and con?icting requirements. The decision tables 
illustrated in FIGS. 4-13 have requirements on various 
levels, eg from applications and components to operating 
system (“OS”) and hardware resources (“HR”). Each deci 
sion table represents a level state of the application to which 
the decisions table is associated with. An application 
requirement can have other applications, components, OS, 
or HR as a requirement. A component, on the other hand, is 
atomic and therefore may depend only on OS or HR. 

[0057] The decision tables illustrated in FIG. 4 through 
FIG. 13 are only based on the software/application require 
ments of the software product 112. However, OS and HR 
requirements can also be added to the tables. For simplicity, 
these requirements are not shown in the decision tables. FIG. 
4 through FIG. 12 show a sequence of decision tables 
400-1300 for application requirements of the exemplary 
software product 112 Tivoli Intelligent Orchestrator. FIG. 4 
shows a decision table 400 for the highest level requirements 
of the Tivoli Intelligent Orchestrator. The decision table 400 
of FIG. 4 (and subsequent decision tables) includes a deci 
sion number ?eld 402, an application/component ?eld 404, 
a requirement ?led 406, and a relation variable (“RV”) ?eld 
408. The decision number ?eld 402 includes a decision entry 
410 for identifying which decision in a sequence of deci 
sions the current decision table 400 is associated with. For 
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example, because the decision table 400 of FIG. 4 is the ?rst 
decision table in the sequence of decisions, the decision 
number entry 410 includes the number 1. 

[0058] The application/component ?led 404 identi?es the 
application or component associated With the particular 
decision table. For example, in FIG. 4, Which shoWs the 
highest level table, the application is the Tivoli Intelligent 
Orchestrator. The requirement ?eld 406 includes entries 
identifying the requirements of the application/component 
in the application/ component ?eld 404. Because the decision 
table 400 in FIG. 4 is at the highest level, the requirements 
in the requirement ?eld 406 are at the highest level. For 
example, the requirement entries 414, 416, 418, 420 identify 
that the Tivoli Intelligent Orchestrator requires an applica 
tion server, directory server, database server, and a UNIX 
emulation layer. 

[0059] The relation variable ?led 408 includes entries 
associated With each requirement in the requirement ?eld 
406 identifying the requirement as a mandatory or alterna 
tive requirement. The relation variable also represents the 
requirement path. For example, each of the requirements in 
the requirement entries 414, 416, 418, 420 of FIG. 4 are 
assigned a relation variable of 1 in the corresponding entries 
422, 424, 426, 428. This is because there is not a high level 
generic optional requirement for each of these requirements. 
In other Words, each of these requirements are necessary and 
not redundant. In other Words, all four requirements are 
necessary for completing the installation of the Tivoli Intel 
ligent Orchestrator. 

[0060] FIG. 5 shoWs a second decision table 500 repre 
senting a second level of dependencies for the Tivoli Intel 
ligent Orchestrator folloWing the ?rst decision illustrated in 
FIG. 4. The decision ?eld 502 includes an entry 510 iden 
tifying this table 500 as being the second decision. The 
decision table 500 of FIG. 5 represents the decision to be 
made on the application server requirement. For example, 
the decision table 500 of FIG. 5 includes an entry 512 
identifying the application/component for this table as the 
application server. The requirement ?eld 506 includes an 
entry 514 identifying IBM Web Sphere Sever 5.1 as the only 
requirement option for the application server. Therefore, 
because an alternate requirement does not exist the relation 
variable ?led 508 includes an entry 522 of “1”. 

[0061] FIG. 6 shoWs a third decision table 600 also 
representing the second level of dependencies the Tivoli 
Intelligent Orchestrator. The decision ?eld 602 includes an 
entry 610 identifying this table 600 as being the third 
decision. The decision table 600 of FIG. 6 represents the 
decision to be made on the directory server requirement. For 
example, the decision table 600 of FIG. 6 includes an entry 
612 identifying the application/component for this table as 
the directory server. The requirement ?eld 606 includes a 
?rst entry 614 identifying IBM Web Sphere Sever 5.1 as a 
requirement and a second entry 616 identifying Microsoft 
Active Directory Sever as another requirement. The require 
ments under the requirement ?eld 606 in FIG. 6 are speci?c 
alternate instances of the directory server. For example, the 
Tivoli Intelligent Orchestrator can use either IBM Web 
Sphere Sever 5.1 or Microsoft Active Directory Sever to 
satisfy the directory server requirement. Therefore, these are 
alternate requirements and have different relation variables 
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622, 624 under the relation variable ?eld 608 to indicate 
different branches in the requirement dependencies caused 
by these changes. 

[0062] FIG. 7 shoWs a fourth decision table 700 also 
representing the second level of dependencies for the Tivoli 
Intelligent Orchestrator. The decision ?eld 702 includes an 
entry 710 identifying this table 700 as being the fourth 
decision. The decision table 700 of FIG. 7 represents the 
decision to be made on the database server requirement. For 
example, the decision table 700 of FIG. 7 includes an entry 
712 identifying the application/component for this table as 
the database server. The requirement ?eld 706 includes a 
?rst entry 714 identifying IBM DB2 UDEE 8.2 as a ?rst 
requirement; a second entry 716 identifying IBM DB2 as a 
second requirement; a third entry 718 identifying Oracle 8i 
as a third requirement; and a fourth entry 720 identifying 
Oracle 9.i as a fourth requirement. The requirements under 
the requirement ?eld 706 in FIG. 7 are speci?c alternate 
instances of the directory server. For example, the Tivoli 
Intelligent Orchestrator can use one of IBM DB2 UDEE 8.2, 
IBM DB2, Oracle 8i, or Oracle 9.i to satisfy the database 
server requirements. Therefore, these are alternate require 
ments and have different values for their associated relation 
variables 722, 724, 726, 728 respectively under the relation 
variable ?eld 708. 

[0063] FIG. 8 shoWs a ?fth decision table 800 that also 
represents the second level of dependencies of the Tivoli 
Intelligent Orchestrator. The decision ?eld 802 includes an 
entry 810 identifying this table 800 as being the ?fth 
decision. The decision table 800 of FIG. 8 represents the 
decision to be made on the UNIX emulation layer require 
ment. For example, the decision table 800 of FIG. 8 includes 
an entry 812 identifying the application/component for this 
table as the UNIX emulation layer. The requirement ?eld 
806 includes a ?rst entry 814 identifying CygWin as the only 
requirement. Therefore, because an alternate requirement 
does not exist the relation variable ?led 808 includes an 
entry 822 of “1”. 

[0064] As stated above, the decision tables 500, 600, 700, 
800 are all level 2 decision tables. FIG. 9, on the other hand, 
shoWs a level 3 decision table 900 that corresponds to 
decisions for the Tivoli Intelligent Orchestrator, Which is 
listed as a possible requirement 614 in FIG. 6. The decision 
?eld 902 includes an entry 910 identifying this table 900 as 
being the sixth decision. The decision table 900 of FIG. 9 
represents the decision to be made on the Tivoli directory 
server requirement of the decision table 600 of FIG. 6. For 
example, the decision table 900 of FIG. 9 includes an entry 
912 identifying the application/component as the IBM 
Tivoli directory server requirement. The requirement ?eld 
906 includes the possible requirements of the IBM Tivoli 
directory server. For example, a ?rst entry 914 identi?es 
IBM DB2 UDEE 8.2 and a second entry 916 identi?es IBM 
DB2 8.1 as the types of databases that can be used With the 
IBM Web Sphere Server 5.1. Therefore, these are alternative 
requirements and have different relation variables 922, 924 
under the relation variable ?eld 908. Additional level 3 
decision tables (not shoWn) are created for each requirement 
in the decision tables 600, 700, 800 of FIG. 6 through FIG. 
8. This process is continued until all levels of requirements 
have a decision table associated With them. 
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[0065] Uni?ed Decision Table 

[0066] Once decision tables are made for each level of 
requirements, the tables are iterated through “Width-?rst” to 
create an expanded, uni?ed decision table for the exemplary 
softWare product 112, the Tivoli Intelligent Orchestrator. For 
example, a ?rst level expanded decision table 1000 of FIG. 
10 is created from the data contained indecision tables 400, 
500 of FIG. 4 and FIG. 5. The decision ?eld 1002 includes 
an entry 1010 identifying this table 1000 as being decision 
number 1.2 because it combines decision number 1 and 
decision number 2. The decision table 1000 of FIG. 10 
represents the decision on the Tivoli Intelligent Orchestrator. 
For example, the decision table 1000 of FIG. 10 includes an 
entry 1012 identifying the application/component for this 
table as the Tivoli Intelligent Orchestrator. The requirement 
?eld 1006 includes a ?rst entry 1014 identifying IBM Web 
Sphere Sever 5.1 as a requirement; a second entry 1016 
identifying a directory server as another requirement; a third 
entry 1018 identifying a database server as another require 
ment; and a fourth entry 1020 identifying a UNIX emulation 
layer as being another requirement. 

[0067] As can be seen, the decision table 1000 of FIG. 10 
plugs in the table 500 of FIG. 5 into the table 400 of FIG. 
4. Because alternative requirements do not exist for the 
requirements 1014, 1016, 1018, 1020 in the table 1000 ofthe 
FIG. 10, each requirement receives the same value for its 
respective relation variable 1022, 1024, 1026, 1028. Fur 
thermore, because there is only one entry in the table 500 of 
FIG. 5, the resulting decision of the table 1000 of FIG. 10 
has only one set of requirements. The relation variable of 
“1.1” is a combination of the relation variable value of “1” 
from decision 1, illustrated in FIG. 4, and the relation 
variable value of “1” from decision 2, illustrated in FIG. 5. 

[0068] FIG. 11 shoWs a decision table 1100 based on the 
decision tables 600, 1000 of FIG. 6 and FIG. 10. The 
decision ?eld 1102 includes an entry 1110 identifying this 
table 1100 as being decision number 1.2.3 because it is a 
combination of decision number 1.2, is a combination of 
decisions 1 and 2, and decision number 3. The decision table 
1100 of FIG. 11 represents the decision on the Tivoli 
Intelligent Orchestrator. For example, the decision table 
1100 of FIG. 11 includes an entry 1112 identifying the 
application/ component for this table as the Tivoli Intelligent 
Orchestrator. The requirement ?eld 1106 includes a ?rst set 
of requirements 1130 and a second set of requirements 1132. 
The ?rst set of requirements 1130 includes a ?rst entry 1114 
identifying IBM Web Sphere Sever 5.1 as the requirement 
for the application server; a second entry 1116 identifying 
the IBM Tivoli Directory Server 5.2 directory server as the 
requirement for the directory server; a third entry 1118 
identifying a database server as another requirement; and a 
fourth entry 1120 identifying a UNIX emulation layer as 
being another requirement. 

[0069] The second set of requirements 1132 includes a 
?fth entry 1134 identifying IBM Web Sphere Sever 5.1 as 
the requirement for the application server; a sixth entry 1136 
identifying the Microsoft Active Directory Server as the 
requirement for the directory server; a seventh entry 1138 
identifying a database server as another requirement; and an 
eighth entry 1140 identifying a UNIX emulation layer as 
being another requirement. As can be seen, the decision 
table 1100 of FIG. 11 plugs in the table 600 of FIG. 6 into 
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the table 1000 of FIG. 10 to produce an expansion of 
requirements With tWo possibilities for the directory server. 
This results in tWo sets of requirements 1130, 1132 because 
tWo entries 614, 616 exist for the directory sever application/ 
component in the table 600 of FIG. 6. Because alternative 
requirement sets exist in the table 1100 of the FIG. 11, the 
requirement sets that contain one of these options receives a 
different value for relation variable of 1.1.1 and 1.1.2, 
respectively. The relation variables of 1.1.1 and 1.1.2 are a 
combination of the relation variable value of 1 and 2, 
respectively, from decision 3 (FIG. 6) and the relation 
variable value of 1.1 from decision 1.2 (FIG. 10). 

[0070] The representation of the alternate requirement sets 
1130, 1132 such as shoWn in FIG. 11 is an example of the 
distributive laW, eg A and (B or C)=(A and B) or (A and C). 
In this example, “B” and “C” represent Tivoli directory 
server and Microsoft Active Directory Server, respectively, 
and “A” represents the remaining requirements at this level. 
As a result of processing all level tWo requirements of the 
Tivoli Intelligent Orchestrator as described With respect to 
FIG. 10 and FIG. 11, eight optional requirement sets are 
obtained. For example, FIG. 12 shoWs an expanded decision 
table 1200 illustrating some of the optional eight require 
ment sets. For example, FIG. 12 shoWs an expanded deci 
sion table 1200 based on the decision tables 400, 500, 600, 
700, 800 of FIG. 4 to FIG. 8. The decision ?eld 1202 
includes an entry 1210 identifying this table 1200 as being 
decision number 1.2.3.4.5 because it is a combination of 
decision number 1 through decision number 5, illustrated in 
FIG. 40 to FIG. 8. The decision table 1200 of FIG. 12 
represents the decisions on the Tivoli Intelligent Orchestra 
tor. For example, the decision table 1200 of FIG. 12 includes 
an entry 1212 identifying the application/component of this 
table as the Tivoli Intelligent Orchestrator. 

[0071] The requirement ?eld 1206 illustrates some of the 
requirement sets, including, for example, a ?rst set of 
requirements 1230 and an eighth set of requirements 1242. 
As can be seen, the decision tables 500, 600, 700, 800 of 
FIG. 5 to FIG. 8 are plugged into the decision table 400 of 
FIG. 400 resulting in different requirement sets. Each 
requirement in the requirements sets 1230, 1244, 1246, 1242 
include some of the same relation variable values as the 
other requirements in the set. HoWever, because the sets 
differ from one another, the set of relation variables also 
include some different valuesfrom the other requirement 
sets. For example, the requirements in the eighth set of 
requirements 1242 each have the relation variable 1.1.2.4.1. 
This is because the relation variable for decision 1 (FIG. 4) 
is 1; the relation variable for IBM Web Sphere Server 5.1 in 
decision 2 (FIG. 5) is 1; the relation variable for Microsoft 
Active Directory Sever in decision 3 (FIG. 6) is 2.; the 
relation variable for Oracle 9.i in decision 4 (FIG. 7) is 4; 
and the relation variable for CygWin in decision 5 (FIG. 8) 
is 1. 

[0072] Eliminating Con?icting and Redundant Require 
ments 

[0073] The process of combining decision tables as 
described above is continued to create the expanded set of 
installation requirements. If relation variable values of 
neWly included tables differ, the neW requirement groups are 
introduced. By using this mechanism, independence of the 
created groups of requirements is ensured. Enumeration of 
















